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Remarks 

A duly executed declaration is submitted herewith with the surcharge of $130.00. The 
specification has been amended to more fully comply with 37 CFR 1.77(b). Applicant 
acknowledges with appreciation the indication of allowability of clairns 4, 6 and 7. Independent 
claim 1 has been amended to more clearly define the invention and distinguish the same over the 
single reference of record. Reconsideration of the rejection of claims 1 through 3 and 5 
respectfully is requested in view of the following remarks. 

Claim 1 has been amended to define a method for determining the fuel consumption of an 
electrical consumer in a motor vehicle with an internal combustion engine, supplied by a 
generator which is driven by the internal combustion engine, comprising determining at least one 
current value of the generator mechanical power input upon energization of the electrical 
consumer. It is submitted that the reference to Barske neither discloses nor teaches any such 
method. Initially, it is to be noted that Barske does not relate to a method for determining the 
fuel consumption of an electrical consumer such as an air conditioning system or the rear 
window defiroster of a vehicle. Instead, it relates only to the timing of the recharging of a 
battery. Traction battery 8 as shown in Figure 2 of Barske is not an electrical consumer but 
instead simply an electrical energy storage device. The type of electrical consumer device of the 
type which with the claimed invention relates is a device that would be energized by generator 4 
as shown in Figure 2 of Barske instead of generator 10, the function of which is simply to 
recharge the traction battery under ideal conditions for saving fuel. Barske essentially discloses 
a method of using less fuel consumption to recharge a battery of a vehicle having an internal 
combustion engine and a generator driven by the engine, and supplying electrical energy to the 
battery by controlling the operation of the generator or the supply of electrical energy produced 
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by the generator, by simply recharging the battery during conditions in which the engine is 
operating at a low efficiency. It has no concern for detemiining the excess fuel consumption 
utilized by the engine in operating a generator supplying electrical energy to an electrical 
consumer device on a vehicle. 

In view of the foregoing, it respectfully is requested that the rejection of claims 1 through 
3 and 5 be withdrawn, such claims be allowed and further that the application be passed to issue. 

The specification with markings and a substitute specification (clean copy) are attached 
as Attachments 1 and 2, respectively. 

The Commissioner is hereby authorized to charge any underpayment of fees or credit any 
overpayment of fees in connection with this communication to Deposit Account 14-1437. 



Respectfully submitted, 




Peter N. Lalos 



Registration No. 19,789 
NOVAK DRUCE & QUIGG LLP 
1300 I Street, NW, Suite 1000 West 
Washington, DC 20005 

Telephone: 202/659-0100 
Facsimile: 202/659-0105 



March 11, 2008 
PNLxb 
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SPECIFICATION WITH MARKINGS 



Attachment 1 
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Method for Determming Additional Fuel Consumption 
in a Motor Vehicle and Method for Displaying 
Additional Fuel Consumption 



This application is a § 371 of PCT/EP2004/0 12233, filed October 29. 2004. claiming 
priority from DE 103 53 689.2. filed November 17, 2003, each of which is hereby incorporated by 
reference in its entirety. 

This invention relates to a method for determining the additional fuel consumption in a 
motor vehicle with an internal combustion engine and a generator, especially the determination of 
the additional fuel consumption depending on the electrical consumers in the motor vehicle. The 
invention furthemiore relates to a method for displaying additional fuel consumption determined in 
this way. 

Background of the Invention 
Deteraiining the fiiel consumption and displaying it to the driver in motor vehicles are 
known. A process for determining the fuel consumption in motor vehicles is described for example 
in European Patent Application EP 1 205 738 A2. In this connection the fuel consumption is 
computed by means of the relative, indicated, instantaneous torque which can be delivered by the 
intemal combustion engine, and a quantitative constant for the indicated torque and the output 
speed of the intemal combustion engine and cylinder charge per revolution. Thus the total fuel 
consumption is determined with this process. 

The fuel which is consumed in the motor vehicle is used however for various purposes. On 
the one hand, the fuel drives the engine which in tum can be used to propel the entire vehicle via 
the transmission, on the other hand however the generator is also driven by way of the engine. The 
generator suppUes electrical consximers in the motor vehicle with the required voltage. These 
electrical consumers in a motor vehicle can be for example the air conditioning system or the rear 
window defroster. When these consumers are activated in a motor vehicle, that is to say, generally 
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turned on the by driver, the generator must make available the required voltage and hence the fuel 

consumption of the vehicle increases. 

By computing the total fuel consumption as is described for example in European Patent 
Application EP 1 205 738 Psl^ reliable determination of this additional fuel consumption cannot be 
ensured. In particular, in the process of the prior art it cannot be ensured that the driver will receive 
the information that the increased fuel consumption has been caused by the additionally activated 
electrical consumer and what amount this fuel increase has. Even if an increase in fuel consumption 
were recognized by the process of the prior art when an electrical consumer is turned on, and even 
if the driver were notified of this by the indication of a higher numerical value, it would not be 
apparent to the driver what caused this increase. In this context it must be considered in particular 
that the fuel consumption for producing the electrical energy for driving the electrical consumers is 
relatively low compared to the overall fuel consumption. A slight increase of the fuel consumption 
could therefore be overlooked by the driver or could possibly be attributed to another action, such 
as for example depressing the gas pedal. 

Therefore the object of the invention is to make available a process with which during 
vehicle operation values for fuel consumption can be determined which accurately indicate the 

consumption which is caused by the electrical consumer. Furthermore, these values should be able 
to be made available to the vehicle driver in a suitable manner. 

SummaiT of the Invention 
The object is achieved as claimed in the invention by a process for determining the fuel 
consumption as claimed in claim 1 . In this process, in a motor vehicle with an internal combustion 
engine and a generator which is driv^ by the internal combustion engine, the additional fuel 
consumption is determined which is caused by an electrical consumer which is connected to the 
generator. In particular, to determine the additional fiiel consumption at least one current value for 
the mechanical power input of the generator is taken into account. 

The efficiency of the generator which is defined by the mechanical power input and output 
can be estabUshed more accurately by taking into account at least one current value for the 



wo 2005/050146 PCT/EP2004/0 12233 

mechanical power input. The incorporation of this instantaneous generator efficiency determined 

via at least one current value of the mechanical power input also leads to the additional fuel 

consumption being able to be deteraiined more accurately. The determination with consideration of 

the instantaneous actual efficiency thus yields better values than a determination in which an 

averaged or estimated efficiency is used. 

Preferably, to determine the additional fuel consumption, values for the electrical power 
input of the generator are determined at different times. When using several values of the electrical 
power input determined for different instants, by means of finding the difference between these 
values it can be ensured that the efficiency on which the computation of the additional fuel 
consumption is based expresses tlie generator efficiency with which the differential power between 
two of the measured power values is produced. It differs from the total efficiency of the generator. 
By considering the efficiency for the differential power the determination of the additional fuel 
consumption is made even more exact. 

In one preferred embodiment of the process the electrical power input of the generator is 
determined for a first instant and a second instant following it in time, the first instant 
corresponding to the instant at which the electrical consumer is connected. 

If the electrical power input at the instant at which an electrical consumer is turned on is 
measured and a second value which constitutes the electrical power input during operation of the 
electrical consumer is determined, information can be obtained therefrom regarding by how much 
the electrical power input of the generator has risen due to the electrical consumer. It thus becomes 
possible to determine the additional fuel consumption which is caused by the consumer connected 
last when an electrical consumer is connected at a time at which another electrical consumer is 
already activated. 

According to one embodiment, the electrical power input of the generator can be 
determined for computing tiie fuel consumption by way of a generator model. Instantaneous 
ambient wnditions and the instantanwus state of the motor vehicle can be included in this model. 
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In this way the determination of the value of the electrical power input becomes even more 

accurate. The generator model can be filed in the engine control device of the motor vehicle. 

Alternatively or additionally, values which are necessary for deterniining the electrical 
power input cm be determined from the characteristics. These values can be incorporated into the 
generator model, or the electrical power input is read out directly from the characteristic field. The 
characteristic fields can likewise be filed by the engine control device. 

Preferably in the process as claimed in the invention mechanical and electrical losses are 
taken into account. By incorporating the losses which occur, the determination of the electrical 
power input of the generator and thus the fixel consumption detemiination can deliver more accurate 
values. The values for the power loss can also be taken fi-om the characteristic fields or can be 
computed by a generator model. 

The input quantities for a generator model can be for example the engine speed, the ambient 
temperature, the transmission ratio, the voltage of the vehicle electrical system, and the excitation 
current for the generator. The electrical power output of the generator and the overall power loss 
(mechanical, electrical and thermal power loss) can be determined firom these input quantities and 
optionally from additional quantities. 

According to another aspect, the invention relates to a process for displaying the friel 
consumption in a motor vehicle, the additional fiiel consumption which is caused by the electrical 
consumer on board the vehicle being displayed separately. 

The display device can constitute a digital or needle display device, a separate display being 
defined as the additional fuel consumption being displayed separately from the total friel 
consumption. This separate display can be effected by means of the same display device which is 
used for the total consumption. 

In one preferred embodiment the additional fixel consumption is displayed together with the 
indication of the electrical consumer causing the additional fixel consumption. 



This affords the possibiUty of providing the driver with information about how much fuel is 
being consumed by the electrical device in the motor vehicle activated by him. It is thus left up to 
the driver whether this additional fuel consumption is acceptable or whether the electrical device 
should be turned off. 

In one embodiment of the display process, the value of the additional fuel consumption is 
determined by way of the determination process as claimed in the invention and is sent to the 
display device. 

The advantages and features which have been described with respect to the process for 
determining the fuel consumption, if appUcable, also apply to tiie process for display of the 
additional fuel consumption. 

This invention will now be detailed bolow in greater detail with refer e nc e to th e attached 
drawing. 

Brief Description of the Drawing 
FIG. 1 shows a flowchart of the progression of one embodiment of the process as claimed in 

the invention. 

Detailed Description of the Preferred Embodiment of the Invention 
If, with the intemal combustion engine of the motor vehicle running, an electrical consumer, 
for example the rear window defroster, is switched on, a signal is transmitted to the engine control 
device. Based on this signal, the determination of the additional fuel consumption is initiated. For 
this purpose, first the electrical power input Pmechi is computed for the instant at which the 
electrical consumer has been turned on, but not yet activated, i.e., has been supplied with power. At 
a second instant which can be for example a few seconds or minutes after the instant of connection, 
the electrical power input Pmech2 of the generator is then computed. The differential power 
APmech is computed fi-om these two values. 
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Then the difference in fiiel consumption, i.e., the additional fuel consumption, is determined 

from this value. This value is supplied to a display device via which the additional fuel 
consumption is displayed to the driver. Then the engine control device checks whether the electrical 
consumer is still in the active state, i.e., is still connected. If this is the case, in this embodiment a 
value is determined again for the electrical power input Pmech2 for another instant, and as in the 
first process cycle the difference from the initial value of the electrical power input is detemiined. 
The additional fuel consumption determined with this recomputed value is then routed to the 
display device and displayed to the driver. If it is ascertained by the engine control device that the 
electrical device is no longer active, the process is terminated. 

The determination of the electrical power input Pmech can be done in different ways. On 
the one hand, the electrical power input of the generator can be determined by the sum of the 

electrical power output and the power loss according to the following formula: 

P. — P 4- P. 

mech ^ power output ~ J^loss 

The values necessary for this computation can be obtained altemately by means of a 
generator model and/or can be taken from the characteristics. 

In one possible generator model, the input quantities are the generator rpm, the voltage of 
the vehicle electrical system, the excitation current of the generator, the ambient temperature and 
the transmission ratio. In this connection the generator rpm can be determined from the engine rpm 
and the transmission ratio, which is for example 2.4. This value is made available by the engine 
control device or via the CAN bus. It is also possible to include the df signal (dynamic field signal) 
in the generator model. It reproduces the gen^ator load and is needed for computing the output 
current of the generator. The generator voltage which is furthermore necessary for determining the 
power can be computed for example by way of the battery voltage, the resistance by the line loss, 
and the current which is flowing through die line resistance. The values for the electrical power 
output of the generator and the total power loss can be obtained from such a generator model. With 
a generator model for example the brush losses, the iron losses, the magnet losses, the diode losses. 
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the mechanical losses as a function of the generator rpm and bearing losses which can be 

determined by way of the efficiency of the belt drive can be taken into account. 

Altematively the values for the generator mechanical power output and for the power loss 
can be t^en from the characteristic fields. 

Furthermore it is also possible to determine the generator mechanical power input by means 
of values which have been measured for the generator and determined from the characteristic fields. 
For this purpose the generator torque and the generator rpm can be used as variables. These values 
are determined by the engine control device or are available by way of tables. 

To compute the additional fuel consumption which is caused by this additional power, it is 
assumed that the efficiency of the generator constitutes the quotient of the mechanical power ou^ut 
and the mechanical power input. It follows fi"om this that the additional fuel consumption is directly 
proportional to the additional mechanical power input of the generator and can be computed for 
example by way of the following formula: 

AVerb = Apel/r| *k* 100/v= Apmech*k* 100/v 

wherein 

A Verb: additional fuel consumption in 1/100 km 

APel: additional power output of the generator in kW 

APmech: additional power input of the generator in kW 

x] : generator efficiency 

k : proportionality factor in 1/ (h kW) 

V : vehicle speed in km/h 

The proportionality factor which can constitute an average value for consumption for the 
effective power for all engines at rpm up to for example 4000 1/m, and which was determined for 
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spark ignition engines for example using the so-called Willans lines, to be 0.264 1 / h per kW and 

for TDI engines for example 0.208 1 / h per kW, can be taken from the tables or can be obtained via 

characteristic fields and averaging processes. 

This invention is not limited to the illustrated embodiment of the process and the described 

computation types. 

Within the scope of the invention other computation processes can also be used for the 
additional fuel consumption as long as they adequately take into account the instantaneous state of 
the motor vehicle, hi particular at least one current value of the electrical power input of the 
generator must be included in the computation. 

Furthermore, it is also possible to determine for example the additional fuel consumption 
for several eleclxical consumers. This is generally only possible when they are connected in 
succession. In this embodiment a first value for ttie electrical power input is determined for the 
instant of connection of the first and for another instant following this instant of connection. Further 
checking of the additional fiiel consumption after a further time interval then does not take place. If 
another electrical consumer is tumed on, the additional fi;iel consumption for it is deteraiined in the 
same way. If the additional fiiel consumption at several instants during operation of the electrical 
consumer is to be checked, before determining the mechanical power input of the generator it is 
first checked whether another consumer has been activated since the last instant of detranination. 

In another embodiment the additional fiiel consumption for an electrical consumer is 
determined and displayed not only directly after connection, but also for any change of the 
operating conditions. This change can be for example the selection of a higher stage in an air 
conditioning system. 

To display the additional fuel consumption, conventional display devices as are provided on 
the dashboard of the motor vehicle can be used. Preferably a digital display device is used. By 
means of this display device it is specifically possible to separately display the fiiel consumption 
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which is caused by the individual electrical consumers and optionally in addition to provide the 

driver with information regarding for which electrical consumer the additional fuel consumption is 

being displayed at the time. Thus, for example the display device can read, Rear window: 0.5 1 per 
100 km. 

With the process as claimed in the invention it thus becomes possible during operation of 
the motor vehicle to make available to the driver of the motor vehicle information regarding how 
much fuel is being consumed by the individual electrical devices on the vehicle. This information 
allows the driver to decide whether the additional fuel consumption is to be tolerated, or whether 
the electrical device should be turned off Li this way the environmental impact can be reduced, 
since some electrical devices would generally not be used by drivers or at least less often and for a 
shorter period of time if they were aware of the additional fuel consumption. 



